A measurement of the ratio of the branching fractions of the B + → K + µ + µ − and B + → K + e + e − decays is presented using proton-proton collision data, corresponding to an integrated luminosity of 3.0 fb −1 , recorded with the LHCb experiment at center-of-mass energies of 7 and 8 TeV. The value of the ratio of branching fractions for the dilepton invariant mass squared range 1 < q 2 < 6 GeV 2 /c 4 is measured to be 0.745 +0.090 −0.074 (stat) ± 0.036 (syst). This value is the most precise measurement of the ratio of branching fractions to date and is compatible with the SM prediction within 2.6 standard deviations.
. These types of models can also affect the relative branching fractions of B + → K + + − decays if the Z boson does not couple equally to electrons and muons. Previous measurements of the ratio of branching fractions from e + e − colliders operating at the Υ (4S) resonance have measured values consistent with unity with a precision of 20-50% [9] . This Letter presents the most precise measurement of the ratio of branching fractions and the corresponding branching fraction B(B + → K + e + e − ) to date. The data used for these measurements are recorded in proton-proton (pp) collisions and correspond to 3.0 fb −1 of integrated luminosity, collected by the LHCb experiment at center-of-mass energies of 7 and 8 TeV.
The value of R K within a given range of the dilepton mass squared from q 2 min to q 2 max is given by
where Γ is the q 2 -dependent partial width of the decay. We report a measurement of R K for 1 < q 2 < 6 GeV 2 /c 4 . This range is both experimentally and theoretically attractive as it excludes the B + → J/ψ (→ + − )K + resonant region, and precise theoretical predictions are possible. The high q 2 region, above the ψ(2S) resonance, is affected by broad charmonium resonances that decay to lepton pairs [10] .
The value of R K is determined using the ratio of the relative branching fractions of the decays
with = e and µ, respectively. This takes advantage of the large B + → J/ψ K + branching fraction to cancel potential sources of systematic uncertainty between the B + → K + + − and B + → J/ψ (→ + − )K + decays as the efficiencies are correlated and the branching fraction to B + → J/ψ K + is known precisely [11] . This is achieved by using the same selection for B + → K + + − and B + → J/ψ (→ + − )K + decays for each leptonic final state and by assuming lepton universality in the branching fractions of J/ψ mesons to the µ + µ − and
1 The inclusion of charge conjugate processes is implied throughout this Letter.
e + e − final states [11] . In terms of measured quantities R K is written as
where N X is the observed yield in final state X, and X is the efficiency to trigger, reconstruct and select that final state. Throughout this paper the number of K + µ + µ − and K + e + e − candidates always refers to the restricted q 2 range, 1 < q 2 < 6 GeV 2 /c 4 . The LHCb detector is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5 and is described in detail in Ref. [12] . The simulated events used in this analysis are produced using the software described in Refs. [13] .
Candidate B + → K + + − events are first required to pass the hardware trigger that selects either muons with a high transverse momentum (p T ) or large energy deposits in the electromagnetic or hadronic calorimeters, which are a signature of high-p T electrons or hadrons. Events with muons in the final state are required to be triggered by one or both muons in the hardware trigger. Events with electrons in the final state are required to be triggered by either one of the electrons, the kaon from the B + decay, or by other particles in the event. In the subsequent software trigger, at least one of the final-state particles is required to both have p T > 800 MeV/c and not to originate from any of the primary pp interaction vertices (PVs) in the event. Finally, the tracks of the final-state particles are required to form a vertex that is significantly displaced from the PVs. A multivariate algorithm [14] is used for the identification of secondary vertices consistent with the decay of a b hadron.
A K + + − candidate is formed from a pair of well-reconstructed oppositely charged particles identified as either electrons or muons, combined with another track that is identified as a charged kaon. Each particle is required to have p T > 800 MeV/c and be inconsistent with coming from any PV. The two leptons are required to originate from a common vertex, which is significantly displaced from all of the PVs in the event. The K + + − candidate is required to have a good vertex fit, and the K + + − candidate is required to point to the best PV, defined by the lowest impact parameter (IP).
Muons are initially identified by tracks that penetrate the calorimeters and the iron filters in the muon stations [15] . Further muon identification is performed with a multivariate classifier that uses information from the tracking system, the muon chambers, the ring-imaging Cherenkov (RICH) detectors and the calorimeters to provide separation of muons from pions and kaons. Electron identification is provided by matching tracks to an electromagnetic calorimeter (ECAL) cluster, combined with information from the RICH detectors, to build an overall likelihood for separating electrons from pions and kaons.
Bremsstrahlung from the electrons can significantly affect the measured electron momentum and the reconstructed B + candidate mass. To improve the accuracy of the electron momentum reconstruction, a correction for the measured momenta of photons associated to the electron is applied. If an electron radiates a photon downstream of the dipole magnet, the photon enters the same ECAL cells as the electron itself and the original energy of the electron is measured by the ECAL. However, if an electron radiates a photon upstream of the dipole magnet, the energy of the photon will not be deposited in the same ECAL cells as the electron. After correction, the ratio of electron energy to the momentum measured by the ECAL is expected to be consistent with unity; the ratio is used in the electron identification likelihood. Since there is little material within the magnet for particle interactions to cause additional neutral particles, the ECAL cells without an associated track are used to look for bremsstrahlung photons. A search is made for photons with transverse energy greater than 75 MeV within a region of the ECAL defined by the extrapolation of the electron track upstream of the magnet.
The separation of the signal from combinatorial background uses a multivariate algorithm based on boosted decision trees (BDT) [16] . Independent BDTs are trained to separate the dielectron and dimuon signal decays from combinatorial backgrounds. The BDTs are trained using
+ candidates in data to represent the signal, and candidates with K + + − masses m(K + + − ) > 5700 MeV/c 2 as the background sample. The latter sample is not used in the subsequent analysis. The variables used as input to the BDTs are: the transverse momentum of the B + candidate and of the final state particles; the B + decay time; the vertex fit quality; the IP of the B + candidate; the angle between the B + candidate momentum vector and direction between the best PV and the decay vertex; the IP of the final-state particles to the best PV and the track fit quality. The most discriminating variable is the vertex quality for the B + and the angle between the B + candidate and the best PV. The selections are optimized for the significance of the signal yield for each B + → K + + − decay and accept 60-70% of the signal, depending on the decay channel, whilst rejecting over 95% of the combinatorial background. The efficiency of the BDT response is uniform across the q 2 region of interest and in the J/ψ region, ensuring that the selection is not significantly biased by the use of the
After applying the selection criteria, exclusive backgrounds from b-hadron decays are dominated by three sources. The first is mis-reconstructed
+ decays where the kaon is mistakenly identified as a lepton and the lepton (of the same electric charge) as a kaon. Such events are excluded using different criteria for the muon and the electron modes owing to the lower momentum resolution in the latter case. The
candidates are kept if the kaon passes through the acceptance of the muon detectors and is not identified as a muon, or if the mass of the kaon candidate (in the muon mass hypothesis) and the oppositely charged muon candidate pair is distinct from the J/ψ or the ψ(2S) resonances. The B + → K + e + e − candidates are kept if the kaon has a low probability of being an electron according to the information from the electromagnetic and hadronic calorimeters and the RICH system. The second source of background is from semileptonic decays such as
, which can be selected as signal decays if at least one of the hadrons is mistakenly identified as a lepton. All of these decays are vetoed by requiring that the mass of the K + − pair, where the lepton is assigned the pion mass, is greater than 1885 MeV/c 2 . These vetoes result in a negligible loss of signal as measured in simulation. The third source of background is partially reconstructed b-hadron decays that are reconstructed with masses smaller than the measured B + mass. In the muon decay modes, this background is excluded by the choice of m(K + µ + µ − ) mass interval, while in the electron modes this background is described in the mass fit model. Fully hadronic b-meson decays, such as
− signals by the electron and muon identification requirements, respectively, and are neglected in the analysis.
The reconstructed B + mass and dilepton mass of the candidates passing the selection criteria are shown in Fig. 1 . It is possible to see the pronounced peaks of the J/ψ and ψ(2S) decays along with their radiative tail as a diagonal band. Partially reconstructed decays can be seen to lower K + + − masses and the distribution of random combinatorial background at high K + + − masses. Only candidates with 5175 < m(K + µ + µ − ) < 5700 MeV/c 2 or 4880 < m(K + e + e − ) < 5700 MeV/c 2 are considered. The dilepton mass squared is also restricted to 1 < q 2 < 6 GeV 2 /c 4 , 8.68 < q 2 < 10.09 GeV 2 /c 4 and 6 < q 2 < 10.09 GeV 2 /c 4 when selecting
and B + → J/ψ (→ e + e − )K + candidates, respectively. The event yields for the B + → K + + − and the B + → J/ψ (→ + − )K + modes are determined using unbinned extended maximum likelihood fits to the K + + − mass distributions. The model is composed of a signal shape, a combinatorial background shape and, for the electron modes, a contribution from partially reconstructed b-hadron decays.
The signal mass model for the muon modes consists of the sum of two Crystal Ball functions [17] with tails above and below the mass peak. This empirical function describes the core of the mass distribution and additional effects from the experimental resolution and the radiative tail. The mean, width and radiative tail parameters for the signal model are obtained from a fit to the B + → J/ψ (→ µ + µ − )K + sample and propagated to the fit for the B + → K + µ + µ − decays. The validity of this approach is verified using simulation. The combinatorial background is described by an exponential function. There are 667 046 ± 882 B + → J/ψ (→ µ + µ − )K + and 1226 ± 41 B + → K + µ + µ − signal decays, where the uncertainties are statistical. The mass distribution of the electron modes depends strongly on the number of bremsstrahlung photons that are associated with the electrons, and therefore a more involved parametrization is required. The mass distribution also depends on the p T of the electrons and on the occupancy of the event. This shape dependence is studied using a selection of B + → J/ψ (→ e + e − )K + events in the data. The data are split into three independent samples according to which particle in the event has fired the hardware trigger; a similar strategy was applied in Ref. [18] . These categories are mutually exclusive and consist of events selected either by one of the two electrons, by the K + meson, or by other particles. Events that are triggered by one of the electrons in the hardware trigger typically have larger electron momentum and p T than events triggered by the K + meson or other particles in the event. Within each of these trigger categories, independent shapes are used depending on the number of neutral clusters that are added to the dielectron candidate to correct for the effects of bremsstrahlung: one for candidates where no clusters are added to either electron; one for candidates where a cluster is added to one of the electrons; and one for candidates where clusters are added to both electrons. The fractions of candidates in each of these categories are 37%, 48% and 15%, respectively, for both B + → J/ψ (→ e + e − )K + and B + → K + e + e − candidates. The relative proportion of the three categories for the number of additional clusters is described well by the simulation. Candidates with no added clusters have a large radiative tail to smaller m(K + e + e − ) values. Candidates with one or more added clusters have a reduced radiative tail, but have larger tails above the expected B + mass due to the event occupancy or the resolution of the ECAL.
The parametrization of the B + → K + e + e − mass distribution in each of the three trigger categories is described by a sum of three Crystal Ball functions, each of which has independent values for the peak, width and radiative tail, representing the different number of clusters that are added. The parameters for each of the Crystal Ball functions are found by fitting the
A high-purity sample of B + → J/ψ (→ e + e − )K + candidates is achieved by constraining the mass of the e + e − pair to the known J/ψ mass. A requirement that m(J/ψ K + ) is greater than 5175 MeV/c 2 removes partially reconstructed signal candidates, leaving a prominent signal peak with negligible contribution from combinatorial backgrounds without biasing the mass shape.
The mass distribution of the partially reconstructed backgrounds is determined using simulated [11] . The ratio of partially reconstructed background to signal for the decay B + → K + e + e − is determined by the ratio measured in B + → J/ψ (→ e + e − )K + data for each trigger category, after correcting for two factors. Firstly, the partially reconstructed backgrounds for the B + → J/ψ K + data may include a contribution from cascade decays of higher cc resonances, e.g.,
These decays contribute to the B + → J/ψ K + background but not to the partially reconstructed backgrounds for the B + → K + e + e − data. The level of contamination is estimated using simulated inclusive H b → J/ψ (→ e + e − )X decays and found to be (16 ± 1)%. Secondly, the dominant contribution to the B + → K + e + e − background is from partially reconstructed B 0 → K * 0 e + e − decays. The relative proportion of
− decays is known to be 10% higher than the relative proportion of B 0 → J/ψ K * 0 to B + → J/ψ K + decays [11] . The fraction of partially reconstructed background to signal is adjusted accordingly. The partially reconstructed backgrounds account for 16-20% of the signal yields depending on the trigger category. 
is scaled by (90.9 ± 1.5)% to account for this migration, where the uncertainty is mainly due to the model dependence. The quality of the fits to the mass distribution of K + + − candidates is investigated and found to be acceptable.
The systematic dependence of the signal yield on the signal model is considered negligible for the muon modes due to the excellent dimuon mass resolution at LHCb [20] . The proportion of the partially reconstructed backgrounds is changed based on the measurements of the B + → (J/ψ → e + e − )K + X contribution in Refs. [21, 22] and contributes a systematic uncertainty of 1.6% to the value of R K . The uncertainty in the signal model for the
is assessed by incorporating a resolution effect that takes into account the difference between the mass shape in simulated events for B + → J/ψ (→ e + e − )K + and B + → K + e + e − decays and contributes a relative systematic uncertainty of 3% to the value of R K .
The efficiency to select
+ decays is the product of the efficiency to reconstruct the final state particles. This includes the geometric acceptance of the detector, the trigger and the selection efficiencies. Each of these efficiencies is determined from simulation and is corrected for known differences relative to data. The use of the double ratio of decay modes ensures that most of the possible sources of systematic uncertainty cancel when determining R K . Residual effects from the trigger and the particle identification that do not cancel in the ratio arise due to different final-state particle kinematic distributions in the resonant and non resonant dilepton mass region.
The dependence of the particle identification on the kinematic distributions contributes a systematic uncertainty of 0.2% to the value of R K . The efficiency associated with the hardware trigger on B + → J/ψ (→ e + e − )K + and B + → K + e + e − decays depends strongly on the kinematic properties of the final state particles and does not entirely cancel in the calculation of R K , due to different electron and muon trigger thresholds. The efficiency associated with the hardware trigger is determined using simulation and is cross-checked using
+ candidates in the data, by comparing candidates triggered by the kaon or leptons in the hardware trigger to candidates triggered by other particles in the event. The largest difference between data and simulation in the ratio of trigger efficiencies between the B + → K + + − and B + → J/ψ (→ + − )K + decays is at the level of 3%, which is assigned as a systematic uncertainty on R K . The veto to remove misidentification of kaons as electrons contains a similar dependence on the chosen binning scheme and a systematic uncertainty of 0.6% on R K is assigned to account for this.
Overall, the efficiency to reconstruct, select and identify an electron is around 50% lower than the efficiency for a muon. The total efficiency in the range 1 < q 2 < 6 GeV 2 /c 4 is also lower for B + → K + + − decays than the efficiency for the B + → J/ψ (→ + − )K + decays, due to the softer lepton momenta in this q 2 range. The ratio of efficiency-corrected yields of B + → K + e + e − to B + → J/ψ (→ e + e − )K + is determined separately for each type of hardware trigger and then combined with the ratio of efficiencycorrected yields for the muon decays. R K is measured to have a value of 0.72 −0.07 (stat) ± 0.04 (syst) for dielectron events triggered by electrons, the kaon or other particles in the event, respectively. Sources of systematic uncertainty are assumed to be uncorrelated and are added in quadrature. Combining these three independent measurements of R K and taking into account correlated uncertainties from the muon yields and efficiencies, gives R K = 0.745
−0.074 (stat) ± 0.036 (syst). The dominant sources of systematic uncertainty are due to the parameterization of the B + → J/ψ (→ e + e − )K + mass distribution and the estimate of the trigger efficiencies that both contribute 3% to the value of R K .
The branching fraction of B + → K + e + e − is determined in the region from 1 < q 2 < . This is the most precise measurement to date and is consistent with the SM expectation.
In summary, the ratio of branching fractions for B + → K + µ + µ − and B + → K + e + e − decays, R K , is measured in the dilepton invariant mass squared range from 1 < q 2 < 6 GeV 2 /c 4 with a total precision of 10%. A new measurement of the differential branching fraction of B + → K + e + e − is also reported. The value of R K is the most precise measurement of this quantity to date. It is compatible with the SM expectation to within 2.6 standard deviations calculated using the ratio of the likelihoods between central value and the SM prediction.
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